Key words: biocompatibility; CAPD; intracellular calcium; signal transduction; superoxide production Background. Intraperitoneal phagocytes play an important role in local host defence to prevent CAPD peritonitis. The intracellular calcium [Ca2+] i is thought to be involved in the regulation of various cell functions. This study therefore investigates the eÂect of Introduction lactate-based dialysis solution (LBDS ) and bicarbonate-based dialysis solution (BBDS ) on cytosolic free
impairment, it has been hypothesized that increasing Fura-2 measurement of cytosolic free [Ca2+] i the pH might improve phagocyte cell function. Intracellular free calcium [Ca2+] was determined with fura -2 To test this hypothesis we used a new bicarbonateaccording to the method described by Malgaroli et al. [11] .
based dialysis solution (BBDS ) with a pH of 7.4. We Cells were loaded by incubation with 1.5 mg/ml fura-2/AM investigated the eÂect of the commercially available for 30 min at 37°C in HBSS, washed and resuspended in LBDS-pH 5.2, the pH adjusted solution LBDS-pH 7.4, HBSS supplemented with 0.5% bovine serum albumin. and BBDS-pH 7.4 on fMLP-stimulated release of 1.5×106 cells were incubated in the dialysate or in HBSS [Ca2+] i and superoxide production [SP] in PMNs from (control ) in cuvettes for 10 min. The cuvettes were thermohealthy donors. Previous studies [10 ] have shown that stated at 37°C and equipped with a magnetic stirring device. a residual volume of about 200 ml with a physiological [Ca2+] i was analysed in a luminescence spectrometer (PerkinElmar LS-50). Excitation light was set with two excitation pH remains after exchange of the dialysate fluid. In monochromators and a dual mirror chopping mechanism the case of 2000 ml fresh dialysate solution this correthat allowed a rapid (10-Hz) alternating excitation of sponds to a ratio of 1510 spent to fresh dialysate. fura-2/AM at two wavelengths. Excitation wavelengths were
Because of the buÂering capacity of this residual set at 339 nm ( peak excitation) and 359 nm (isobestic point) peritoneal fluid, spent dialysate after a dwell period of and the emission wavelengths at 509 nm. To ensure that the 4 h was collected and diluted 1510 in fresh dialysate isobestic point was valid, a scanning either in the calciumto mimic the in-vivo situation. [Ca2+] i and SP in cells free or the calcium-bound form of the fura-2 dye prior to incubated in this 1510 diluted spent and fresh LBDS each series of experiments was performed. was additionally studied. N-formyl-methionyl-leucyl-phenylalanine (fMLP), C5a comSuperoxide production plement, fura-2/AM, BSA, d-glucose and cytochrome C were obtained from Sigma (Deisendorf; Germany); Lactate-based Superoxide generation was gauged by quantifying the dialysis solution (CAPD 2=1.5% anhydrous dextrose, CAPD superoxide dismutase (SOD)-inhibitable reduction of 4=2.3% anhydrous dextrose, and CAPD 3=4.25% anhydferricytochrome C as described by Ing et al.
[13]. As described rous dextrose), containing 35 mmol lactate, and bicarbonateabove, PMNs were incubated for 10 min at 37°C in the based dialysis solution (Bic 20, Bic 40 and Bic 30, correspondtested solution; 100 nM fMLP were added, mixed, and ing to 1.5%, 2.3% and 4.25% glucose), containing 34.0 mM incubated for another 10 min. After that, samples were HCO 3
, were supplied by the Fresenius AG (Bad Homburg, centrifuged at 12 000 g for 1 min and the absorbance of the Germany). Both the lactate-and the bicarbonate-based diasupernatant was determined at 550 nm in a spectrophotolysis solutions contain the following constituents in mM:
meter. The superoxide generated was calculated in terms of Na+: 134.0, Ca2+: 1.75, Mg2+: 0.5, −Cl: 103.5 ( 104.5 in the amount of ferricytochrome C (in nanomoles) reduced, bicarbonate-based dialysis solution). Hanks buÂer without using an extinction coeÃcient (E 550nm ) of 2.1×104 cm2/mM. Ca2+, Mg2+, and Phenol Red was purchased by Biochrom Each experiment was performed 10 times. Data are expressed KG, Berlin, Germany.
as percentage of levels measured in control cells incubated in HBSS.
Isolation of neutrophils
Whole blood obtained from healthy donors was gently mixed Statistical analysis with dextran (6% Hetastarch in 0.9% sodium chloride; Du Pont Pharmaceutical, Wilmington, DE, USA) and allowed Results are expressed as mean±SEM. Data were analysed to settle for 30 min. Cells were washed and resuspended in using paired/unpaired t test, or Wilcoxen rank test as appro-HBSS buÂer. The supernatant was separated over an isotonic priate. DiÂerences were considered to be significant for percoll gradient (55% and 74%) by centrifugation at 900 g P<0.05. for 40 min. The cell layer at the interface of the first gradient step contained more than 95% neutrophils of which over
Results
95% were viable as measured by trypan blue exclusion.
pH Adjustment Intracellular calcium measurements a rapid increase in peak levels of intracellular calcium up to 540±32 nM for 1 mM fMLP, and was dependent fMLP-stimulated [Ca2+] i release in BBDS-incubated cells was 92.4±3.2, 83.0±2.5 and 57.8±3.5% for the on the fMLP-concentration used ( Table 1 ) . After addition of the fMLP there was a rapid increase in peak 1.5, 2.3 and 4.25% glucose concentration solutions in comparison to the cells incubated in control buÂer level of [Ca2+] i response which declined to basal levels within 240 s. In the nominal absence of extracellular (HBSS ). The increase in cytoplasmic calcium for the low-glucose concentrations, did not diÂer significantly calcium-by adding 4 mM EGTA-the fMLP-induced [Ca2+] i response was still present, suggesting calcium from the mobilization of intracellular calcium in cells treated with the control buÂer ( Figure 1 ). At all glurelease from intracellular stores (data not shown) [14] .
[Ca2+] i increase in cells incubated in LBDS-pH 5.2 cose concentrations BBDS-pH 7.4 incubated cells performed better (P<0.05) than LBDS-pH 7.4-treated and stimulated with 1 mM fMLP was absent at all glucose concentration ( Figure 1 ). Trypan blue exclu-cells ( Figure 1) .
As shown in Figure 1 in [Ca2+] i occurs within seconds after stimulation with chemoattractants and is one basic step in signal transduction. Superoxide production has a key function required for bacterial killing.
Several investigators have suggested that bicarbonate-containing solutions are superior to LBDS in terms of diÂerent cell functions [15] [16] [17] . To compare the eÂect of dialysis solutions on early signal transduction mechanisms, especially mobilization of intracellular calcium and superoxide production, we incubated cells in LBDS-pH 5.2, BBDS-pH 7.4, the pH adjusted LBDS-pH 7.4, or 1510 diluted spent and fresh LBDS prior to stimulation with fMLP. The adjustment of pH in this set of experiments and the 1510 dilution may be relevant because in vivo the pH rapidly increases after intraperitoneal instillation of the LBDS due to the buÂering capacity of residual peritoneal fluid [10 ] . To elucidate the eÂect of glucose and lactate, we (Table 2 ).
In our experiments pH adjustment of the LBDS solutions could improve but not restore the [Ca2+] i response and superoxide production. So the extracelluDiscussion lar pH seems not to be the only reason for the impaired cell functions due to the LBDS dialysates. This could be confirmed by the fact that [Ca2+] i response in HBSSUraemic patients have an impaired host defence, which may contribute to a high rate of infectious complica-pH 5.2 in comparison to LBDS-pH 5.2 was not completely suppressed. Kaupke et al. [21 ] could show, that tions. Therapeutic intervention in the treatment of uraemia should aim at improving or at least not pH adjustment does not abrogate intracellular acidosis by lactate-based dialysis solutions, which is a reason worsening this state of vulnerability. Since it is well known that commercially available LBDS-pH 5.2 may for the inhibitory eÂect of LBDS despite extracellular pH adjustment. There is evidence that additionally the have inhibitory eÂects on phagocytes acting as the first line of defence against micro-organisms, it is important glucose concentrations and lactate have inhibitory eÂects on [Ca2+] i response and superoxide production. to clarify the eÂects of various dialysis solutions. We recently showed a complete and persistent paralysis of In accordance with findings by Mene et al. [22] showing that higher glucose concentrations inhibit cytosolic C5a-induced actin polymerization in PMNs after incubation in fresh LBDS-pH 5.2, which was calcium signalling in cultured rat mesangial cells, our data indicate that the increase in glucose significantly pH-dependent [9] . Thus a physiological pH seems to be important to reduce the cytotoxicity of a dialysis inhibits the cytosolic calcium mobilization as well as superoxide production in polymorphonuclear neutrosolution.
In the present study we tested whether bicarbonate-based dialysis solution-by virtue of its physio-phils. In each of the tested solutions, LBDS-pH 7.4, BBDS and 1510 diluted spent and fresh dialysate, there logical pH-is superior to conventional, commercially available LBDS. As a method of testing biocompati-was a glucose-concentration-dependent loss of [Ca2+] i response of about 10% comparing the 1.5% and 2.3% bility we focused on measuring change in cytoplasmic calcium ( [Ca2+] i ) and superoxide production. A change glucose and about 20% comparing the 2.3% and 4.25%
5. Treves S and Pozzan T. Stimulus-activation coupling in neutroglucose concentration ( ( Table 2 ) and SP reduction to 77% ( Table 2) tions. 
